Abstract
Introduction the study sampling frame. In the final stage of sampling, one listed member per household was randomly selected to be included in the study.
The overall response rate was 73.4% and the response rates were similar across different locations. The present analysis was restricted to the 7,407 adults who had Fasting Plasma Glucose (FPG) measured, representing 98.44% of the total population of the CESCAS I Study.
The study protocol was approved by IRBs in all participating institutes in Argentina, Chile, Uruguay and the US, including the Institutional Review Board from Hospital Italiano in Argentina, the Araucanía Sur IRB from the Universidad de la Frontera in Chile, the Universidad de la República IRB from Uruguay, and the Tulane University Human Research Protection Office. All study participants provided written informed consent.
Data collection and laboratory methods
Study data were collected through standardized questionnaires administered at home by trained interviewers while physical and laboratory measurements were conducted at a clinic visit. During the home survey, information on socio-demographic characteristics and lifestyle factors was obtained, including questions about previous diagnosis, treatment, and family history of DM. Physical activity was measured using the International Physical Activity Questionnaire-Short Form [11] . For each individual, the reported activities were converted into their metabolic equivalent (MET). Low activity was defined as less than 600 MET-minutes/week of total physical activity [12] . Fruit and vegetable intake was measured using a semi-quantitative, self-administered food frequency questionnaire adapted from the NCI Dietary History Questionnaire and validated in Argentina, Chile, and Uruguay [13, 14] . Low fruit and vegetable intake was defined as less than 5 servings per day.
During the clinic visit, blood pressure (BP) and anthropometric measurements were taken by trained and certified examiners using standard protocols. Overnight fasting (!10 hours) blood specimens were obtained to determine plasma glucose by use of vacuum tubes containing sodium fluoride. Plasma glucose level was measured by using the UV hexokinase enzymatic method (AU5800 Beckman Coulter automatic clinical analyzer). Total cholesterol, HDL-cholesterol, triglycerides, and creatinine were also measured using standard methods. LDL-cholesterol was calculated applying the Friedewald equation for participants who had less than 400 mg/dL triglycerides [15] .
DM was defined as FPG !126 mg/dL or self-reported history of diabetes [16] . During the home interview, participants were asked if they have ever been told by a doctor or other health professional that they had diabetes (except during pregnancy). Those who answered "yes" to this question were classified as having previously diagnosed DM. Subjects that answered "No" to this question but had FPG !126 mg/dL were classified as having unknown DM. IFG was defined as FPG ! 110 mg/dL and <126 mg/dL according to WHO diagnostic criteria [WHO] . Awareness of DM was defined as participants' self-reporting of a previous diagnosis of DM made by a health professional. Treatment of DM was defined as use of prescription medications to lower the blood glucose level, at the time of the home interview. Control of DM was defined as pharmacological treatment of DM associated with FPG <126 mg/dl. We also calculated the overall control rate among all patients suffering from diabetes, including those receiving or not receiving pharmacological treatment.
Statistical analyses
This study was designed to provide precise estimates of prevalence rates of IFG and DM by gender, age groups (35-44 years, 45-54 years, 55-64 years, and 65-74 years), and city. The sample size was estimated to meet recommended requirements for precision in a complex survey [17] . Prevalence rates were weighted on the basis of the population distribution of the four cities in terms of gender and age according to 2010 census data. [18] Standard errors were calculated taking into account the complex survey design. Age standardized estimates of prevalence were calculated by the direct method, based on the World Standard Population as recommended by the World Health Organization. [19] Logistic regression analysis was used to evaluate the association between socio-demographic, lifestyle, and metabolic risk factors and presence of DM. All data analyses were conducted using SAS 9.3 (SAS Institute, Cary NC) and Stata 13.0 (StataCorp. 2013. College Station, TX: StataCorp LP)
Results
Characteristics of the study participants according to fasting plasma glucose categories, and stratified by gender are shown in Table 1 . A total of 3 103 men and 4 304 women were included. The average age was lower in the normal fasting glucose group in comparison with the other categories for both men and women. The four groups did not differ in the level of educational attainment for men but women showed a greater proportion of lower educational level in the DM groups. Low intake of fruit and vegetables and low physical activity were highly frequent and not significantly different across all categories, with higher levels of low physical activity in women than men. Hypertension, obesity and central obesity were more prevalent among the IFG and DM groups in both men and women. Table 2 shows the prevalences of IFG and DM by participant characteristics. The prevalence of DM among the adult population aged 35-74 years old varied between 8.4% in the city of Bariloche and 14.3% in Temuco. The prevalence of IFG varied at different sites, between 3.5% in Barros Blancos and 6.8% in Marcos Paz. Of the total number of people with DM, 20% were newly diagnosed at the time of the study. Prevalence of IFG was higher in men than women (5.9%, 95%CI 5.0-6.9 vs 3.4%, 95%CI 2.7-4.0) while DM was significantly higher in women than men (14.0%, 95%CI 12.8-15.3 vs 10.6%, 95%CI 9.4-11.7). The prevalences of both IFG and DM were increasingly higher with age. The prevalence of DM was higher among individuals with lower education. Prevalences of IFG and DM increased progressively with higher body mass index and waist circumference.
Overall, 79.8% of people individuals with diabetes were aware of their condition, and 73.6% of those aware were receiving antidiabetic medication. Of those receiving pharmacological treatment, 49.2% had FPG <126 mg/dl. The treatment and control rate in the group with DM was 58.8% and 46.2%, respectively (Table 3 ). Among persons who had reported a prior diagnosis of DM, the overall rate of control was 58.3%. Although the treatment rate did not differ significantly between men and women, both awareness and control rates were higher in women compared to men. Rates of awareness, treatment, and control did not significantly differ across age-groups or educational attainment. The rates of awareness and control were the lowest in Marcos Paz (Argentina) whereas the treatment rate was the lowest in Canelones-Barros Blancos (Uruguay). Awareness and control rates were lower among obese subjects.
In the multivariable analysis, older age, family history of diabetes, lower educational attainment, overweight, obesity, central obesity, low physical activity, hypertension, hypercholesterolemia and hypertriglyceridemia were all significantly associated with an increased risk of diabetes (Table 4) . Additionally, the association with male gender was marginally significant.
A high prevalence of other cardiometabolic risk factors was found in patients suffering from DM. As shown in Fig 1, 57 .3% of individuals with diabetes were obese, 77.2% had central obesity, 62.7% were hypertensive, 38.9% had hypercholesterolemia and 34.4% had hypertriglyceridemia. IFG and diabetes are rising globally as a consequence of population ageing, urbanization, industrialization, and changes in lifestyle, including diet and physical activity. [1] [2] [3] [4] [5] [6] Although a few epidemiological studies of DM have been conducted in Latin America in recent years, data on awareness, treatment, and control are scarce since most of these studies do not include laboratory measurements. Precise and reliable information about the prevalence, awareness, treatment, and control of DM are needed for evidence-informed decision making in public health to combat this epidemic. To our knowledge, these are the first results from a population-based study in this decade in the region with reliable estimates from blood measurements. Data are weighted percentages (95% confidence intervals).
Awareness was defined as the proportion of individuals who reported a history of physician-diagnosed diabetes among all diabetes patients. Treatment   1   and Treatment   2 were defined as the proportion of individuals using anti-diabetic medications among aware and total patients with diabetes, respectively. Control Previous national surveys or regional studies have documented a rapid increase in the prevalence of DM in the adult population in the region [5, 7, [20] [21] [22] [23] [24] [25] [26] . In Argentina, the National Risk factor Survey conducted in 2013 showed a prevalence of DM of 9.8% in contrast to 9.6% in 2009 and 8.4% in 2005. [20] [21] [22] [23] However, these surveys included people 18 years and older, and were based on self-report only, which may have contributed to some underestimation of the true prevalence. The Health National Survey in Chile and the national Risk Factor Survey in Uruguay reported a prevalence of DM of 9.4% and 7.8% in 2010 and 2013 respectively. [24] [25] [26] Both surveys included people aged 15 years and older, and while the Chilean survey had blood samples, the Uruguayan survey took blood specimens only in 54% of the sample population. Ten years ago, the CARMELA study had reported a DM prevalence of 6.2% in the city of Buenos Aires, and 7.2% in Santiago de Chile. [27] In other countries of Latin America, the prevalence of diabetes varies widely. [6, 28, 29] However, comparisons between countries should be carried out with caution due to differences in the methodologies employed.
In our population, the prevalence of DM varied highly between cities. This finding is in accordance with the important variability observed among different areas in Argentina in the National Risk Factors Survey (2009), where the prevalence of DM was 7.4% (95% CI 5.9-9.4%) in the province of Jujuy in the north of the country and 13.0% (95% CI 11.0-15.4%) in the province of Cordoba, in the central region. [21] In the same way, the Health National Survey in Chile reported a prevalence of DM of 7.4% (95% CI 7.7-20.2%) in the region of Araucania while 5.1% (95% CI 3.1-8.2%) in the region of Maule. Of note, distribution by gender, age and education was the same in the four cities included in our study.
In our population, DM was more prevalent in women (14.0%) than in men (10.6%) while IFG was the opposite (3.4% in women and 5.9% in men) in accordance with other studies. [30] The proportion of women with unknown DM was less, compared to men. This sex difference can be explained by the fact that men may have less contact with the health care system than women [31] . We also observed a higher prevalence of both diabetes and IFG with increasing age.
Of note, there was a gradient in the prevalence of DM according to educational level, being higher among subjects with lower educational attainment. This inverse relationship between education and prevalence of diabetes had been reported previously in different populations. [32, 33] Finally, both DM and IFG were more prevalent in subjects with overweight, obesity and central obesity. In the same venue, the prevalence of dyslipidemia was higher among persons with DM compared to the group without DM, showing the cardio-metabolic nature of this disorder. [34] Importantly, approximately 1 out of 4 persons with diabetes were not aware of their condition. Of those aware, 73.6% were receiving pharmacological treatment, but only nearly half of those who were treated had their blood glucose controlled. Thus, at the end of the day, the overall control rate among the total number of persons with DM was 46.2%.
In our study, several factors were independently associated with DM since the likelihood of having this condition was increased with increasing age, family history of diabetes, low educational attainment, overweight, obesity, central obesity, low physical activity, hypertension, hypercholesterolemia and hypertriglyceridemia, while the association with male gender was marginally significant. Consistently, these factors were found to be associated with the presence of DM in the four cities included in the study in spite of differences in the local prevalence rate.
Finally, more than half of subjects with diabetes also suffered from hypertension and/or obesity while almost 40% had dyslipidemia. DM, hypertension and dyslipidemia are common and frequently coexisting conditions that share a significant overlap in underlying risk factors, including lifestyle determinants [33, 34] . This joint lifestyle factors provide the opportunity to work on nonpharmacologic interventions such as weight control, physical activity, and dietary modification, which may greatly benefit individuals with comorbidities [35] . Additionally, the presence of both hypertension and DM, double the risk for cardiovascular disease, hence emphasizing its relevance for public health, and the need for prevention, early recognition and adequate treatment of these conditions. [36] The present study has several strengths. First, this is a population-based study that used a multistage sampling method to select a representative sample of the general population aged 35-74 years in four cities of the Southern Cone of Latin America. Second, all measurements followed a rigorous protocol and used standardized questionnaires applied by trained interviewers. Third, plasma determinations were carried out following standardized procedures of blood-sampling technique and processing, as well as safe transportation of blood samples. Fourth, all blood determinations were centralized and analyzed using the same standardized protocol. All these features enhance the accuracy of prevalence estimations. Additionally, since the CESCAS I study has been planned as a cohort study with long-term follow-up, we will be able to detect changes over time.
It is a limitation of this study that FPG was used for diagnosis of IFG instead of the oral glucose tolerance test (OGTT) since this may have had implications for the population prevalence of prediabetes. It is likely that should OGTT been measured, the prevalence of prediabetes may have been higher. [30] Additionally, FPG, not Hemoglobin A1c, was used as the indicator for DM control, which may have affected the estimated control rate. [30, [36] [37] [38] [39] However, FPG is still considered a good standard for epidemiological studies in terms of its lower cost, easier determination, as well as the high correlation between these measures. [5, 40, 41] Another limitation of this study is that the sampling frame in each country is not nationally representative. Although study samples were randomly selected from each city included, caution is needed to extrapolate our findings to each country in the region. Nevertheless, our findings are consistent with the results shown in national surveys of the Southern Cone, which suggests no major biases due to the selection of cities included in the CESCAS I Study. Moreover, the sociodemographic distribution of the population of those cities included in this study are comparable to the national population distribution in each country. Finally, in spite of differences in the prevalence of diabetes among cities, risk factors associated with this condition in multivariable models were consistent across locations.
In summary, the present study indicates that the prevalence of DM and IFG in the adult population of the SCLA is high, and may be underestimated by local surveys that are based only on self-report. This condition represents a public health challenge since the rates of awareness, treatment, and control are still low. Data from this study also support the association of obesity, central obesity, hypertension, elevated serum triglycerides and elevated total cholesterol with diabetes in our population, and indicate that complex intersectoral, integrated and multifaceted interventions, programs and policies should be targeted to counter these cardiometabolic risk factors in order to reduce the burden of NCDs in the region. 
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